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Abstract

Background: Atrial fibrillation (AF) is associated with a high bur-
den of cardiovascular disease, which has been worsened during the
coronavirus disease 2019 (COVID-19) pandemic. The purpose of this
study was to assess the association between clinical markers, espe-
cially interleukin-6 (IL-6) and other inflammatory biomarkers, and
the severity of COVID-19 in patients with AF.

Methods: This retrospective cohort study categorized patients based
on clinical presentations and laboratory results to investigate the
prognostic significance of inflammatory markers in COVID-19 out-
comes among those with AF. The study included 100 hospitalized
COVID-19 patients aged between 40 to 80 years and was conduct-
ed at the Chapidze Hospital in Tbilisi, Georgia. Patients were then
grouped by disease severity according to computed tomography (CT)
scores, clinical symptoms, respiratory rate and oxygen saturation.
Levels of IL-6 were obtained at three time points during hospitaliza-
tion. A broad range of laboratory tests, including C-reactive protein
(CRP), ferritin, and D-dimer, were also conducted.

Results: Patients with AF demonstrated significantly elevated lev-
els of IL-6 (P = 0.024), CRP (P = 0.001), and ferritin (P < 0.001),
suggesting a severe inflammatory response. D-dimer levels were also
notably higher in the AF group (P < 0.005), indicating an increased
risk of thrombotic complications. Oxygen saturation levels were sig-
nificantly lower (P =0.004) and CT scores higher in patients with AF.
Furthermore, the length of hospitalization was longer among patients
with AF (median duration significantly higher, P = 0.032), indicating
a more severe disease course.

Manuscript submitted December 6, 2024, accepted February 5, 2025
Published online February 20, 2025

#Department of Immunology, Tbilisi State Medical University, Tbilisi 0177,
Georgia

V1. Bakhutashvili Institute of Medical Biotechnology, Tbilisi State Medical
University, Tbilisi 0159, Georgia

¢TSMU First University Clinic, Tbilisi 0141, Georgia

dChapidze Heart Disease Center, Tbilisi 0159, Georgia

¢Corresponding Author: Giorgi Tcholadze and Ia Pantsulaia, Department of
Immunology, Tbilisi State Medical University, Tbilisi 0177, Georgia.

Email: g.tcholadze@tsmu.edu and i.pantsulaia@tsmu.edu

doi: https://doi.org/10.14740/cr2027

Conclusions: The proinflammatory markers such as IL-6 are inde-
pendent predictive markers of COVID-19 severity in AF patients.
Overall, it highlights urgent treatment approaches, such as available
anti-inflammatory drugs, for COVID-19 patients with arrhythmias.
Combining these biomarkers into clinical routines helps us better
identify patients at risk and how to treat them.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has af-
fected more than 670 million people and has caused roughly
7 million deaths worldwide as of January 2023 [1]. Chronic
COVID-19, characterized by lingering symptoms or delayed/
long-term complications, is becoming increasingly well-docu-
mented. Among cardiovascular (CV) risk factors and morbidity,
disease severity was found to be associated with these early in
the pandemic. COVID-19 poses a plethora of significant risks
to those with pre-existing CV disease, as the World Health Or-
ganization recently noted an increased mortality rate and more
severe disease progression in these patients [2, 3]. One in five of
COVID-19 hospitalized patients present with elevated troponin,
suggestive of myocardial injury. Myocardial injury (21.2%) was
independently associated with higher mortality, worse outcomes
and an increased need for intensive care unit (ICU) admission
and was an independent predictor of death. Severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection can cause
direct myocardial damage, leading to myocarditis, or indirect
damage through myocardial infarction due to hypoxemia [2, 4].

Cardiac arrhythmias have emerged as initial clinical manifes-
tations of COVID-19, with incidences reported between 10.11%
and 15.3% [5]. Atrial arrthythmia was noted in 9.2% of cases.
Patients with new arrhythmias are at a heightened risk of severe
disease and ICU admission. In ICU settings, the incidence of
cardiac arrhythmia reached 44.4%, with atrial fibrillation (AF),
non- sustained ventricular tachycardia (NSVT), and cardiac ar-
rest being prevalent. COVID-19 survivors face an increased risk
of arrhythmia-related disorders, including AF and atrial flutter.
This underscores the evolving understanding of tachycardia and
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COVID-19, highlighting the need for further research to inform
management strategies [6]. Given the improbability of SARS-
CoV-2 directly causing cytotoxic effects on cardiac myocytes,
the detrimental effects are more likely due to the hyperinflam-
matory response of the innate immune system [7].

Previous studies have shown that interleukins (ILs) like
IL-6 and IL-1 can extend the duration of the ventricular ac-
tion potential by altering the expression or function of vari-
ous ion channels in cardiomyocytes, particularly potassium
(K*) and calcium (Ca®") channels [8, 9]. These alterations are
known as inflammatory cardiac channelopathies. Furthermore,
several growth factors, such as transforming growth factor-
beta (TGF-p), platelet-derived growth factors (PDGF), and cy-
tokines (including tumor necrosis factor-alpha (TNF-a), IL-1,
IL-6,IL-10, and IL-4), along with neurohumoral pathways, can
promote myocardial fibrosis by initiating signaling cascades
via surface receptor binding, which then activates downstream
signaling pathways [10, 11]. The cytokine storm often associ-
ated with severe SARS-CoV-2 infections can induce structural
remodeling by activating fibrosis pathways. Additionally, due
to molecular mimicry, an autoimmune response against cardi-
ac antigens might contribute to cardiac damage in post-COV-
ID patients. Anti-cardiac antibodies are part of the broader
systemic immune and inflammatory response to SARS-CoV-2
[12, 13]. Thus, investigating clinical markers indicative of the
severity of COVID-19, researchers are exploring various fac-
tors that can predict the progression of the disease [14]. Thus,
the goal of this study was to assess the relationship between
inflammatory markers (IL-6, inflammatory indices), AF, and
severity of COVID-19 in Georgian population.

Materials and Methods

The study was conducted at the Chapidze Heart Hospital,
Thilisi, Georgia. The study included 100 patients aged 40 to
80 years who had symptoms of COVID-19, and reverse tran-
scription polymerase chain reaction (RT-PCR) confirmed the
diagnosis. The patient’s inclusion criteria were CV disease,
laboratory-confirmed COVID-19 infection and hospitaliza-
tion. Disease severity was classified according to symptoms,
respiratory rate, oxygen saturation, and computed tomography
(CT) scores, which indicated lung damage. The Ethics Com-
mission of Thbilisi State Medical University approved the study
(N 1-2021/85), and the study complies with the Declaration of
Helsinki. Informed consent was obtained from all patients. A
legally certified bilateral agreement was established between
Thilisi State Medical University and Chapidze Hospital.

Cytokine and other clinical laboratory parameters

Serum IL-6 was determined using an electrochemiluminescence
immunoassay with a Roche Cobas e411 (Hoffmann-La Roche
Ltd, Switzerland). The lower detection limit for IL-6 was 1.5 pg/
mL, and the upper limit was 5,000 pg/mL without pre-dilution.
IL-6 levels were determined at least three times: 1) at hospi-
talization; 2) within 1 week after hospitalization; and 3) before

discharge from the hospital. A comprehensive panel of labora-
tory tests was performed, including alanine aminotransferase,
aspartate aminotransferase, creatinine, lactate dehydrogenase,
prothrombin time, prothrombin index (PI), international nor-
malized ratio, activated partial thromboplastin time, fibrinogen
concentration, D-dimer, troponin, C-reactive protein (CRP),
procalcitonin, ferritin, complete blood count (CBC), and IL-6.
These tests were conducted using advanced equipment such as
the Roche Cobas e411 (Hoffmann-La Roche Ltd, Switzerland),
ensuring the accuracy and reliability of our data.

Statistical analysis

Statistical calculations were performed using STATISTICA
(Statsoft, Inc., USA). The statistical analysis strategy was di-
vided into different stages: 1) Preliminary descriptive statis-
tics (mean + standard deviation (SD)); 2) The patients were
scanned according to gender and age; 3) The analysis of vari-
ance (ANOVA) analysis was used to compare the variation of
studied parameters between and within these groups. Patients
were divided into two groups to reveal correlations of dis-
ease severity and potential biomarkers: with and without ar-
rhythmic conditions (1 = arrhythmia, 2 = without arrhythmia).
The Kolmogorov-Smirnov and Lilliefors tests for normality
were used to assess the normal distribution of the cytokines.
Since the distributions of the studied molecules were mark-
edly skewed, the data on biochemical markers were log-trans-
formed to correct for non-normality before further analysis. A
review of the distribution properties characterizing the studied
molecules showed some values to be outliers (=4 SD), which
were not included in further analysis. Differences in means of
the plasma cytokines between male and female groups were
determined by the Mann-Whitney U test. A two-way repeated
measures ANOVA was used at specific time points to evaluate
differences between the groups. A P value of 0.05 or less was
deemed significant for all analyses.

Patient management

Ventricular rate control for patients with AF was guided by es-
tablished European Heart Rhythm Association (EHRA) guide-
lines. Beta-blockers and/or calcium channel blockers were
used as first-line agents. In patients with heart failure or those
unable to tolerate first-line agents, digoxin was administered
for rate control.

Results

Inflammatory markers and clinical parameters of the patients
grouped according to the presence or absence of AF are shown
in Table 1.

Cytokines and clinical markers data are shown before log
transformation in their original units. At the first stage of analy-
sis, concentrations of the investigated cytokine (IL-6) and clini-
cal parameters (troponin, D-dimer, procalcitonin, creatinine,
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Table 1. Comparison of Inflammatory Markers and Clinical Parameters Between Patients With and Without Atrial Fibrillation (AF)

> ) Without AF With AF Without AF With AF
arameters

Mean = SD (Min - Max) Mean = SD (Min - Max) Median (Q1 - Q3) Median (Q1 - Q3)
Age (years) 59.29 +£17.63 (18 - 93) 77.13 £8.79 (60 - 91) 61.00 (50.00- 72.00) 79.00 (60.00 - 85.00)

Hospitalization (days)
CT score
Interleukin-6 (pg/mL)
C-reactive protein
Ferritin

Platelets

Leukocytes (x 10%)

Lymphocytes 1.61 +0.48 (0.73 - 2.50) 1.68 +0.40 (0.92 - 2.40)
Fever (°C) 37.54 +£0.72 (37 - 40) 37.87 £ 0.97 (37 - 40)
Saturation 92.15+£5.5(70-98) 88.48 £ 6.16 (75 - 98)
Neutrophils 3.56 +1.31 (1.60 - 7.86) 3.70 +£1.53 (2.23 - 8.18)
LDH 345.04 +143.65 (125-781)  362.35+132.62 (219 - 832)
Creatinine 1.10£0.62 (0.54 - 4.78) 1.02 +0.28 (0.5 - 1.78)
ALT 544+194.44 (2.0-1,553.0) 23.16+15.53(0.5-54)
AST 50.44 +163.01 (1 - 1,309) 26.69 £ 15.33 (0.8 - 59.10)
D-dimer 0.72+£0.69 (0.12 - 4) 1.63 +1.59 (0.18 - 5.16)
Troponin 0.05 % 0.06 (0 - 0.14) 0.06 % 0.10 (0 - 0.38)
Procalcitonin 0.13£0.17(0.03 - 1) 0.11£0.05(0.03 -0.2)

7.95+2.92 (3 - 19)
7.9+ 4.05 (1.0 - 21.0)

135.4 +£527.71 (2.63 - 3,166)

39.66 + 53.23 (0.3 - 221)

263.27 +255.82 (15 - 1,641)
205.95 £56.87 (126 - 390)

6.12 +2.65 (2.05 - 15.0)

13.48 + 8.65 (4.0 - 32.0)
10.74 + 4.6 (6.0 - 20.0)

149.53 + 383.58 (2.09 - 1,412)
26.86 +19.82 (1.41 - 61.81)
442.82 +397.25 (100 - 2,000)

201.09 + 73.63 (74 - 366)
749 £3.77 (2.52 - 18)

7(6 - 10)
6.50 (5 - 10)

18.57 (7.36 - 38.67)
16.99 (5.37 - 47.50)
193.90 (89.92 - 379.00)
196.00 (159.00 - 238.00)
5.48 (4.24 - 7.32)

1.71 (1.00 - 1.85)

37.00 (37.00 - 38.00)

94 (90 - 96)

3.0 (2.56 - 4.20)

316.50 (227.00 - 455.00)
0.94 (0.78 - 1.29)

23.85 (17.90 - 40.00)
27.65 (20.30 - 36.90)
0.45 (0.28 - 0.95)

0.001 (0.00 - 0.12)

0.12 (0.03 - 0.12)

10 (7 - 19)

10.00 (6 - 15.00)

26.56 (12.30 - 39.57)
29.14 (6.56 - 48.00)

100 (194.00 - 537.60)
200.00 (140.00 - 245.00)
6.81 (4.93 - 10.56)

1.71 (1.50 - 1.85)

38.00 (37.00 - 39.00)

89 (84 - 94)

3.50 (2.63 - 4.60)
346.00 (279.50 - 400.00)
1.00 (0.8 - 1.15)

23.00 (12.60 - 31.10)
25.7 (17.00 - 40.00)

1.00 (0.5 - 2.00)

0.001 (0.00 - 0.12)

0.12 (0.08 - 0.12)

SD: standard deviation; Min: minimum; Max: maximum; Q1: first quartile; Q3: third quartile; CT: computed tomography; LDH: lactate dehydrogenase;

ALT: alanine aminotransferase; AST: aspartate aminotransferase.

lactate dehydrogenase, prothrombin time, PI, activated partial
thromboplastin time, fibrinogen concentration, CRP, procalci-
tonin, ferritin, blood cells) were scanned by gender and age. The
comparison of mean levels showed no significant gender de-
pendency. Since the values for male and female were not signifi-
cantly different, statistical analysis was continued for combined
data. Based on the statistical analysis, patients with arrhythmic
conditions have a significant time-dependent increase in CRP
compared to patients without arrhythmias. More specifically, the
second and third measurements (CRP-2 and CRP-3) were sig-
nificantly different (P = 0.044 and P = 0.001, respectively). This
indicates that inflammation, as measured by CRP, has a greater
effect on COVID-19 disease course in patients with arrhythmic
disorders. Ferritin levels increased significantly, even more pro-
nounced in patients with arrhythmias in the third measurement
(FERIT-3) (P <0.001) (Fig. 1). This could imply a link between
iron homeostasis disturbances and the severity of COVID-19 in
the context of cardiac arrhythmia.

There were very significant differences in the levels of D-
dimer with the first, second, and third measurements (Dimerl,
Dimer2, Dimer3) in the D-dimer levels (P < 0.005) (Fig. 2),
with levels being higher in patients with arrhythmias. We con-
cluded that this group has so far demonstrated an increased
incidence of thromboembolic complications.

The first (saturationl) and second (saturation2) time points
for oxygen saturations were significantly lower in arrhythmic

patients (P=0.010 and P=0.004, respectively), highlighting the
potential consequences of arrhythmic conditions in COVID-19
respiratory function. In addition, the median hospitalization du-
ration was significantly longer for arrhythmic patients, with a
more comprehensive interquartile range and outliers indicating
prolonged stays in some cases. Figure 3 illustrates the changes
in IL-6 serum levels among COVID-19 patients with AF (1)
and without AF (0). The IL-6 levels are represented at three
different time points: 1L-6(1), IL-6(2), and 1L-6(3). Statistical
analysis reveals a significant difference between the groups (P
= 0.024), underscoring the heightened inflammatory response
associated with AF in COVID-19 patients. These findings align
with the elevated IL-6 levels, showing an increased discase
burden in patients with cardiac arrhythmias. Several markers,
including the neutrophil-to-lymphocyte ratio (NLR), systemic
immune-inflammation index (SII), erythrocyte sedimentation
rate (ESR), liver enzymes (ALT, AST), and kidney function
(creatinine), showed no statistically significant differences be-
tween the groups, indicating that these parameters may not be
as crucial in distinguishing the severity of COVID-19 in pa-
tients with and without arrhythmic conditions.

Spontaneous conversion

Among patients with paroxysmal AF, a subset spontaneously
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Figure 3. IL-6 serum levels change in COVID-19 patients with (1) or without atrial fibrillation (0) group. IL: interleukin; COVID-19:

coronavirus disease 2019.

converted to sinus rhythm during the recovery phase of COV-
ID-19, particularly those with lower inflammatory marker
levels and less structural heart damage. In contrast, patients
with persistent AF often required aggressive interventions for
rhythm management.

Persistent AF post-COVID

During follow-up after discharge, 12 patients were identified
with persistent AF, highlighting a significant burden of sus-
tained arrhythmias in the post-COVID phase.

Discussion

Our results provide indirect evidence that COVID-19 severity
is influenced by different inflammatory and thrombotic path-
ways in patients with cardiac arrhythmias, offering valuable
insight into the global impact of such underlying conditions on
risk status and their management implications.

Increased serum levels of CRP and ferritin in patients
with arrhythmias tend to indicate an exacerbated systemic
inflammation response and are associated with systemic in-
flammation influencing poor outcome in prior studies [15-17].
Likewise, elevated D-dimer levels, as have previously been
described in literature, further emphasize the association with

thrombotic events and increased risk in COVID-19 patients,
especially those with cardiovascular complications [18-20].
The crucial distinction in leukocytes counts and the platelet-to-
lymphocyte ratio (PLR) additionally highlight the relationship
between inflammation and severity of coronavirus infection
in patients with arrhythmias. These markers may be related to
a longitudinal disease process and thus may represent useful
outcome measures for tracking the evolution of the disease and
for guiding interventions in this cohort. In contrast, the lack of
meaningful differences in NLR, SII, and landmark metabolic
variables (e.g., liver enzymes and creatinine) implies that not
all inflammatory or metabolic disturbances have the same pre-
dictive ability with regard to COVID-19 severity in terms of
arrhythmias [21, 22], highlighting the need for a multifactorial
approach in the assessment and management of these patients.
Finally, the more accentuated hypoxemia in the arrhythmic pa-
tients only adds to the need for respiratory monitoring and sup-
port in the management of COVID-19 [23, 24]. This insight
may represent the cumulative impact of CV and pulmonary
involvement in the pathophysiology of the disease. However,
the retrospective design of the study and the presence of pos-
sible confounding factors not taken into account in the analy-
sis should be considered. Prospective studies are warranted
to validate these dose-response associations and to elucidate
the mechanisms underpinning these associations. Studying the
effect of certain arrhythmias on the outcome of COVID-19
might give more refined results in terms of management of the
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patients too.

Similar to our observations, multiple recently published
analyses have drawn attention to the importance of inflamma-
tory and thrombotic pathways in arrhythmia-free patients with
COVID-19. A study by Garcia et al (2003), for instance fur-
ther supporting our observations of augmented inflammation,
found that increased CRP and ferritin levels were highly pre-
dictive for adverse clinical outcome in patients with pre-exist-
ing arrhythmias experiencing COVID-19 [25]. Likewise, Lee
et al [26] found that D-dimer levels were considerably elevated
among arrhythmic patients with severe COVID-19, suggest-
ing a relationship between these aforementioned arrhythmic
complications and hypercoagulability. Taken together with
our own studies, these findings suggest that inflammatory and
thrombotic biomarkers could be valuable biomarkers of dis-
case development and potential aids in treatment management
in this high-risk population. Additionally, although no statisti-
cally significant association was found in our study with mark-
ers like the NLR, other studies have shown different results.
Consequently, what is regarded as a good prognostic biomark-
er may vary according to the patient population, as suggested
by Salvatore et al [27], who found that the NLR was associated
with adverse outcomes in COVID-19 patients with CV comor-
bidities. In line with our findings on the prognostic value of the
NLR in COVID-19, several other studies have similarly identi-
fied NLR as an independent prognostic indicator of in-hospital
mortality among COVID-19 patients. For instance, a study by
Liu et al [28] demonstrated a significant association between
elevated NLR values and increased mortality rates. Similarly,
research by Yang et al [29], and more recently, Zeng et al [30],
have corroborated these findings, further emphasizing the util-
ity of NLR as a reliable biomarker for assessing disease severi-
ty and mortality risk in hospitalized COVID-19 patients. These
studies underscore the importance of incorporating NLR into
clinical assessment protocols to enhance prognostic accuracy
and patient management strategies. These studies collectively
suggest the potential importance of thrombotic and inflam-
matory markers in risk stratification of patients experiencing
COVID-19-related arrhythmias, but further work is required
to establish the clinical utility of these biomarkers in different
clinical contexts.

Conclusions

In conclusion, we provide evidence that specific inflammatory
markers, including CRP, ferritin, leukocyte counts, PLR, and
D-dimer levels are substantial prognostic factors in COVID-19
patients with AF. High levels of these markers in patients with
the arrhythmic process indicate a higher inflammatory and
thrombotic reaction to COVID-19, which may be the cause of
the severity of the disease itself. Moreover, the decline in oxy-
gen saturation in all of these patients suggests that arrhythmias
may also adversely influence respiratory function. The striking
increase in IL-6 in arrthythmogenic patients correlates with the
trends seen in CT scores and length of hospitalization and is
of clinical importance. These findings raise the possibility that
early, rather than late anti-inflammatory treatments, such as the
use of IL-6 antagonists, which have proven useful in severe

COVID-19, may be helpful to patients with arrhythmia.

We advocate for close monitoring of these patients’ in-
flammatory status and suggest considering serial IL-6 moni-
toring as eventually part of the therapeutic strategy. Our results
highlight the necessity of careful tracking inflammatory and
coagulation pathways in patients with pre-existing arrhythmic
milieu of COVID-19 to customize treatment approaches and
potentially improve outcomes. These associations need to be
further investigated to understand the mechanisms mediating
them, and the potential validation of these markers should be
made in larger, more diverse cohorts.
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